A bacterial strain, A2-57 T , recovered from a water sample collected in a uranium mine was taxonomically studied in detail. This strain was a Gram-reaction-negative, rod-shaped bacterium that grew optimally at 25 6C and at pH 6.0-7.0 and had a DNA G+C content of 55.0 mol%. Ubiquinone 8 (UQ-8) was the predominant respiratory quinone and the major fatty acids were C 16 : 0 , C 17 : 0 cyclo, summed feature 3 (C 16 : 1 v6c and/or v7c and/or C 15 : 0 iso 2-OH) and 
T
. Therefore, it is concluded that strain A2-57
T represents a novel species of the genus Glaciimonas, for which the name Glaciimonas singularis sp. nov. is proposed. The type strain is A2-57 T (5CIP 110539 T 5LMG 27070 T ).
The betaproteobacterial genus Glaciimonas was recently described by Zhang et al. (2011) and, at the time of writing, comprised only one species, Glaciimonas immobilis. Strains of this species were isolated from alpine glacier cryoconite and are psychrophilic (Zhang et al., 2011) . Phylogenetically, the cold-adapted members of this genus are placed in the vicinity of the genera Collimonas (de Boer et al., 2004) and Herbaspirillum (Baldani et al. 1986 ).
As a part of a larger study on structural diversity of the microbial community in a former uranium mine (Urgeiriça, Central Portugal), several strains were isolated from water samples collected in different stages of the water treatment plant. Strain A2-57 T was isolated from Poço das Cobras in the mining area of Urgeiriça and preliminary genotypic characterization showed that it belonged to the family Oxalobacteraceae. Further genomic, physiological and chemotaxonomic characterization showed that this isolate belonged to a previously unknown species of the genus Glaciimonas.
Strain A2-57
T was isolated from an acidic water sample (pH 5) collected in Poço das Cobras. The water from this site is a mixture of water pumped from the underground mine and water from acidic mine effluents at the edges of a nearby river. Water samples were directly plated by spreading 0.1 ml, in triplicate, on R2A agar medium (Reasoner & Geldreich, 1985) , and incubated at 30 u C for up to 7 days. Strain A2-57 T was purified by subculturing and was maintained at 280 u C in nutrient broth (NB; Difco) containing 15 % (v/v) Cell morphology and motility were examined by phasecontrast microscopy after growth on R2A agar medium at 25 u C for 48 h. Growth was tested using several media, namely nutrient agar (NA; Difco), trypticase soy agar (TSA; Oxoid) and R2A (Oxoid). The temperature range (4-45 u C) and the optimum temperature for growth was examined on R2A agar incubated for up to 7 days. The ability to grow in the presence of NaCl was examined in R2A medium supplemented with NaCl at final concentrations of 1, 3, 5, 10 and 15 % (w/v) at 25 u C for up to 7 days. The pH range for growth was examined at 25 u C in the same medium by using 50 mM MES, HEPES, TAPS or CAPSO buffer, over a pH range from 5.0 to 10.0. Growth under anaerobic and microaerophilic conditions was determined after 5 days in R2A medium, incubated in anaerobic chambers containing Genbox anaerob (bioMérieux) and Genbox microaer (bioMérieux), respectively. The Gram reaction and the presence of cytochrome oxidase and catalase were determined after 48 h incubation as described by Smibert & Krieg (1981) . Urease activity was determined in urea agar medium (Oxoid). Other physiological properties and enzyme activities were determined with API 20NE, API 20E and API ZYM galleries (bioMérieux) according to the manufacturer's instructions. The ability to oxidize different carbon sources was assessed using the Biolog GN2 system (bioMérieux). The Biolog plates were incubated at optimal growth temperature of the strains and the results were recorded using a microplate reader (Sunrise Xread Plus version 4.30) after 7 days incubation. The ability to hydrolyse colloidal chitin was tested in minimal agar medium supplemented with 1.2 % (w/v) colloidal chitin incubated at 25 uC for up to 7 days. The minimal medium was prepared according to Furukawa et al. (1978) and the colloidal chitin was obtained with chitin powder from crab shells according to Skujins et al. (1965 . All data are from this study except where indicated otherwise. In Biolog GN2 plates all strains were negative for a-cyclodextrin, glycogen, N-acetyl-D-galactosamine, cellobiose, i-erythritol, a-lactose, maltose, melibiose, methyl b-D-glucoside, D-psicose, raffinose, sucrose, turanose, a-ketovaleric acid, sebacic acid, L-ornithine, D-serine, DL-carnitine, thymidine, phenylethylamine, putrescine, 2-aminoethanol and 2,3-butanediol, and positive for pyruvic acid methyl ester, bhydroxybutyric acid, DL-lactic acid, L-glutamic acid and L-pyroglutamic acid. 2, Negative; +, positive; W, weakly positive. Cultures for polar lipid and respiratory quinone analysis were grown in R2A medium at 25 u C for 48 h and cells were harvested and freeze-dried. Polar lipids were extracted and two-dimensional TLC was performed as described previously (da Costa et al., 2006) . Respiratory quinones were extracted from freeze-dried cells, purified by TLC and separated by HPLC (da Costa et al., 2006) . For fatty acid analysis, strain A2-57 T was grown in R2A medium at two different temperatures, 18 and 25 u C, to allow the comparison of the fatty acid profile with the reference strains used in this study. Fatty acid methyl esters were obtained from the fresh wet biomass and were separated, identified and quantified with the standard MIS Library Generation Software (Microbial ID) as described previously (da Costa et al., 2011; Kuykendall et al., 1988) .
The 16S rRNA gene was amplified and sequenced as described by Morais et al. (2004) . Phylogenetic analysis was performed using the ARB software package (Ludwig et al., 2004) . Phylogenetic trees were constructed using the neighbour-joining (Saitou & Nei, 1987) and maximumlikelihood (Olsen et al., 1994) algorithms included in the ARB software package. The topology of the tree generated from distance matrices calculated with Jukes-Cantor correction (Jukes & Cantor, 1969) was evaluated by bootstrap analysis of 1000 resamplings of the dataset (Felsenstein, 1985) . Glaciimonas singularis sp. nov.
DNA for determination of the G+C content was extracted and the G+C content was determined by HPLC as described by Mesbah et al.(1989) . The same DNA was used for the amplification of the nifH and nifD genes. The forward primer 59-TGCGAYCCSAARGCBGACTC-39 and the reverse primer 59-ATSGCCATCATYTCRCCGGA-39 were used to amplify a 360 bp fragment of the nifH gene, while for the nifD gene, primers nifD Fdb261 (59-TGGGGICCIRTIAARGAYATG-39) and nifD Fdb 260 (59-TCRTTIGCIATRTGRTGNCC-39) were used to amplify a 390 bp fragment (Stoltzfus et al., 1997) . DNA-DNA hybridization analysis between strain A2-57 T and G. immobilis LMG 25547
T was performed by the Deutsche Sammlung von Milkroorganismen und Zellkulturen GmbH (DSMZ).
The almost-complete 16S rRNA gene sequence, comprising 1507 nt, was determined for strain A2-57 T . Comparative 16S rRNA gene sequence analysis and estimation of phylogenetic relationships showed that this isolate clustered together with G. immobilis Cr9-30 T , forming a distinct lineage within the family Oxalobacteraceae, and was closely related to the genera Collimonas and Herbaspirillum (Fig. 1.) . This tree topology was confirmed by using a maximumlikelihood analysis (Fig. S1, T from the latter species. DNA-DNA hybridization analysis showed that they share only 21.6 % pairwise relatedness in their genomic DNA. Strain A2-57 T was isolated from a uraniumcontaminated environment and was able to grow in the presence of 1 mM uranyl U(VI) nitrate in R2A medium. This strain was also able to grow in TSA medium and had a growth range between 10 and 30 u C, while G. immobilis LMG 25547
T does not grow in TSA medium and is a psychrophilic strain with a growth temperature range of 1-20 uC. Strain A2-57
T assimilated a wider range of sugars, alcohols, organic acids and amino acids than G. immobilis LMG 25547 T (Table 1 ). The novel strain was not able to hydrolyse colloidal chitin and did not have the BstBI restriction site (59-TTCGAA-39) around position 1000 of the 16S rRNA gene, which are typical characteristics of members of the genus Collimonas (de Boer et al., 2004; Leveau et al., 2010) . The nifD and nifH genes were not detected by PCRbased methods, indicating that strain A2-57 T does not possess the ability to fix atmospheric nitrogen. This feature is common in some species of the genus Herbaspirillum (Schmid et al., 2006 ), but we did not detect these genes in any of the species of Herbaspirillum included in this study. This is in accordance with the literature except for H. lusitanum where the nifD gene is reported to be present (Valverde et al., 2003) . In addition, strain A2-57 T can be distinguished from the members of the genera Herbaspirillum and Collimonas used in this study by several biochemical and physiological differences ( Table 1) .
The fatty acid profile can show differences due to the growth temperature. To avoid this bias, strain A2-57
T was grown at 18 and 25 u C to compare its fatty acid composition with G. immobilis LMG 25547
T and with members of the genera Herbaspirillum and Collimonas, respectively. Although the dominant fatty acids did not change in the profile of strain A2-57 T [C 16 : 0 , summed feature 3 (C 16 : 1 v6c and/or v7c and/ or C 15 : 0 iso 2-OH), C 17 : 0 cyclo and C 18 : 1 v7c] the relative amounts of these fatty acids varied significantly with growth temperature. Nevertheless, both profiles can be used to differentiate this strain from its closest relatives (Table 2) . Strain A2-57
T had a relatively lower content of summed feature 3 and higher content of hydroxylated fatty acids (2-OH and 3-OH) when compared with G. immobilis LMG 25547 T . Furthermore, the presence of unknown fatty acids with an ECL of 18.136 and 18.437 in strain A2-57 T is a characteristic that clearly distinguishes this isolate from G. immobilis LMG 25547 T ( Table 2 ). The fatty acid profile of strain A2-57 T can also be used to differentiate this isolate from members of the genera Collimonas and Herbaspirillum used in this study. Besides the differences in the relative amounts of the major fatty acids, the unknown fatty acids with an ECL of 16.564 and 17.087 were present only in strain A2-57
T when incubated at 25 u C, the hydroxylated fatty acid (Fig. S2) . The major respiratory quinone of strain A2-57 T was ubiquinone 8 (UQ-8). This lipid profile and type of respiratory quinone have also been reported for other members of the family Oxalobacteraceae, and corroborates the assignment of this strain to this family (Lincoln et al., 1999; Kämpfer et al., 2006 Kämpfer et al., , 2007 . As shown above, strain A2-57 T contrasts in several biochemical and physiological characteristic with G. immobilis LMG 25547 T . Based on these differences, distinct fatty acid profile and 16S rRNA gene sequence analysis we conclude that strain A2-57 T represents a novel species of the genus Glaciimonas, for which we propose the name Glaciimonas singularis sp. nov.
Description of Glaciimonas singularis sp. nov.
Glaciimonas singularis (sin.gu.la9ris. L. fem. adj. singularis alone of its kind, singular, referring to the different characteristics of this organism in relation to those of G. immobilis).
Forms rod-shaped cells of variable length, 1-2 mm long and 0.8-1 mm wide. Cells are Gram-reaction-negative, non-spore-forming and non-motile. Colonies on R2A medium are pale cream and 0.5-1.5 mm in diameter after 48 h of growth. The optimum growth temperature is approximately 25 u C; growth occurs between 10 and 30 u C.
The optimum pH is 6.0-7.0; growth does not occur at pH 5.0 or pH 10.0. On R2A agar plates does not grow in presence of 1 % NaCl. Able to grow under aerobic and microaerophilic conditions, but does not grow under anaerobic conditions. The major respiratory quinone is ubiquinone 8 (UQ-8) and the major polar lipids are phosphatidylethanolamine (PE), diphosphatidylglycerol (DPG), phosphatidylglycerol (PG) and an unknown aminophospholipid (APL). The major fatty acids are C 16 : 0 , summed feature 3 (C 16 : 1 v6c and/or v7c and/or C 15 : 0 iso 2-OH), C 17 : 0 cyclo and the unsaturated fatty acid C 18 : 1 v7c. Grows aerobically and is heterotrophic. Oxidase-, catalaseand urease-positive. Nitrate is not reduced to nitrite. Gelatin and aesculin are not hydrolysed. 
